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Background of the Invention 

Field of the Invention 



' ' 2^ ™s field of the invention generally relates to organic light emitting devices. 

More particularly, the invention is directed to a system and method for driving for a 
matrix of organic light emitting devices in a passive-matrix display. 

Description of the Related Tecbnn1np;y 

There is a great deal of interest in "flat panel" displays, particularly for small to 
midsized displays, such as may be used in laptop computers, cell phones, and personal 
digital assistants. Liquid crystal displays (LCDs) are a well-known example of such flat 
panel video displays, and employ a matrix of "pixels" which seiectably block or 
transmit Hght. LCDs do not provide their own Ught; rather, the light is provided from 
an independent source. Luminescent displays are an alternative to LCD displays. 
Luminescent displays produce their own light, and hence do not require an independent 
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light source. They typically include a matrix of elements which luminesce when excited 
by current flow. A common luminescent device for such displays is a light emitting 
diode (LED). 

LED arrays produce their own light in response to current flowing through the 
individual elements of the array. A variety of different LED-like luminescent sources 
have been used for such displays. The embodiments described herein utilize organic 
electroluminescent materials in OLEDs (organic light emitting diodes), which include 
polymer OLEDs (PLEDs) and small-molecule OLEDs, each of which is distinguished 
by the molecular structure of their color and Ught producing material as well as by their 
manufacturing processes. Electrically, these devices look like diodes with forward "on" 
voltage drops ranging from 2 volts (V) to 20 V depending on the type of OLED material 
used, the OLED aging, the magnitude of current flowing through the device, 
temperature, and other parameters. Unlike LCDs, known OLEDs are current driven 
devices; however, they may be similarly arranged in a 2 dimensional array (matrix) of 
elements to form a display. 

OLED displays can be either passive-matrix or active-matrix. Active-matrix 
OLED displays use current control circuits integrated with the display itself, with one 
control circuit con-esponding to each individual element on the substrate, to create high- 
resolution color graphics with a high refresh rate. Passive-matrix OLED displays are 
easier to build than active-matrix displays, because their current control circuitry is 
implemented external to the display. This allows the display manufacturing process to 
be significantly simpUfied. 

Figure lA is an exploded view of a typical physical structure of such a passive- 
matrix display 100 of OLEDs. A layer 1 10 having a representative series of rows, such 
as parallel conductors 111-118, is disposed on one side of a sheet of light emitting 
polymer, or other emissive material 120. A representative series of columns are shown 
as parallel transparent conductors 131-138, which are disposed on the other side of sheet 
120, adjacent to a glass plate 140. Figure IB is a cross-section of the display 100, and 
shows a drive voltage V apphed between a row 1 1 1 and a column 134. A portion of the 
sheet 120 disposed between the row 111 and the column 134 forms an element 150 
which behaves like an LED. The potential developed across this LED causes cuirent 



flow, so the LED emits light 170. Since the emitted light 170 must pass through the 
column conductor 134, such column conductors are transparent. Most such transparent 
conductors have relatively high resistance compared with the row conductors 111-118, 
which may be formed from opaque materials, such as coppCT, havmg a low resistivity. 

This structure results in a matrix of devices, one device formed at each point 
where a row overlies a column. There will generally be M x N devices in a matrix 
having M rows and N columns. Typical devices function like light emitting diodes 
(LEDs), which conduct current and luminesce when voltage of one polarity is imposed 
across them, and block current when voltage of the opposite polarity is apphed. Exactly 
one device is common to both a particular row and a particidar column, so to control 
these individual LED devices located at the matrix junctions it is useful to have two 
distinct driver circuits, one to drive the coltmms and one to drive the rows. It is 
conventional to sequentially scan the rows (conventionally connected to device 
cathodes) with a driver switch to a known voltage such as ground, and to provide 
another driver to drive the columns (which are conventiondly connected to device 
anodes). 

Figure 2 represents such a conventional arrangement for driving a display 
having M rows and N columns. A column driver device 260 includes one column drive 
circuit (e.g. 262, 264, 266) for each column. The column driver circuit 264 shows some 
of the details which are typically provided in each column driver, mcluding a current 
source 270 and a switch 272 which enables a column connection 274 to be connected to 
either the current source 270 to illuminate the selected diode, or to ground to turn off the 
selected diode. A scan circuit 250 includes representations of row driver switches (208, 
218, 228, 238 and 248). A luminescent display 280 represents a display having M rows 
and N columns, though only five representative rows and three representative columns 
are drawn. 

The rows of Figure 2 are typically a series of parallel connection lines traversing 
the back of a polymer, organic or other luminescent sheet, and the columns are a second 
series of connection Unes perpendicular to the rows and traversing the front of such 
sheet, as shown in Figure lA. Luminescent elements are established at each region 
where a row and a column overlie each other so as to form connections on either side of 



the element. Figure 2 represents each element as including both an LED aspect 
(indicated by a diode schematic symbol) and a parasitic capacitor aspect (indicated by a 
capacitor symbol labeled "CP"). 

In operation, information is transferred to the matrix display by scanning each 
row in sequence. During each row scan period, each column connected to an element 
intended to emit light is also driven. For example, in Figure 2 a row switch 228 grounds 
the row to which the cathodes of elements 222, 224 and 226 are connected during a scan 
of Row K. The column driver switch 272 connects the column connection 274 to the 
current source 270, such that the element 224 is provided with current. Each of the 
other columns 1 to N may also be providing current to the respective elements 
connected to Row K at this time, such as the elements 222 or 226. All current sources 
are typically at the same amplitude. OLED element light output is controlled by 
controlling the amount of time the current source for the particular column is on. When 
an OLED element has completed outputting light, its anode is pulled to ground to turn 
off the element. At the end of the scan period for Row K, the row switch 228 will 
typically disconnect Row K from ground and apply Vdd instead. Then, the scan of the 
next row will begin, with row switch 238 connecting the row to ground, and the 
appropriate column drivers supplying current to the desired elements, e.g. 232, 234 
and/or 236. 

This process is typically modified to account for display parasitic capacitance. 
The Ught output of an OLED pixel is approximately proportional to the current flowing 
through it. Therefore, to control the Hght output the OLED pixel gives off, the 
magnitude and duration of the current flowing through it must be controlled. However, 
a given colimm in the display has a significant parasitic capacitance due to the parasitic 
capacitance of the "off OLEDs in the column. The output current from the column 
driver must charge this capacitance in order for the column voltage to rise high enough 
to turn on the selected OLED. The charge that flows into the parasitic capacitance is 
subtracted from the charge intended for the on OLED, thus reducing its charge. This 
loss is significant for displays of practical size and practical scan rates. Some form of 
precharge scheme is typically used to bring the OLED rapidly up to its desired on 



voltage at the beginning of the row write cycle. There can be some variations to the 
process just described. 

The above approach of driving all pixels with the same current magnitude and 
controlling pixel brightness by controlling the duration of time the pixel is on works 
well at slow scan rates. However, as the display scan rate is raised to a level that is 
required to prevent perceivable flicker a number of problems arise. The furst problem is 
the complexity and cost in adding a precharge circuit. This adds complexity to the 
design. The second problem is that of power waste. In the most efficient precharge 
scheme, each on pixel must be brought from its off voltage (which can be as low as 0 
Volts) to its operating voltage to enable the Ught output and then returned to its off 
voltage to disable its light output. The charge which is sent into the parasitic 
capacitance to bring the pixel to operating voltage and that is then dumped when the 
pixel is turned off represents wasted power, since the charge does not flow through the 
pixel and therefore, does not contribute to Ught output. This wasted power is significant 
in displays of practical size and scan rate. In less efficient precharge schemes the 
problem is even worse since the entire display must be charged and discharged during 
each row scan, even when some pixels in the row being displayed are never turned on. 
Consequently, there is a need for an improved OLED display that addresses these 
issues. 



Sunamarv of the Invention 

One embodiment of the invention comprises a method of providing a voltage to 
at least one diode. The method comprises storing voltage data in a correction table, 
determining a voltage using at least in part the voltage data from the correction table, 
and applying the determined voltage to an organic light emitting diode. 

Another embodiment of the invention comprises a method of providing a 
voltage to a diode. The method comprises determining a plurality of output voltage that 
are to be applied by a plurality of drivers to a plurality of columns of organic Ught 
emitting diodes in a video display and respectively applying the determined voltages to 
a pluraUty of columns the video display. 



Yet another embodiment of the invention comprises a method of providing a 
voltage to at least one diode. The method comprises generating data for storage in the 
correction table. The correction table includes voltage data that is used to, among other 
things: (i) identify a voltage that is needed to provide a selected current to an average 
organic light emitting diode in the video display, (ii) identify at least one voltage 
characteristic of a particular light emitting diode, wherein the at least one voltage 
characteristic identifies a voltage amount that is needed to drive the particular hght 
emitting diode as compared to an average organic light emitting diode, and (iii) account 
for resistance of the columns in the video display. The generated voltage data is stored 
in a correction table. A voltage is determined using at least in part the voltage data from 
the correction table. The method also comprises using two sample and hold capacitors 
per column driver, wherein the first capacitor has been charged to a first voltage to drive 
current across an organic Ught emitting diode in the first row of the video display and 
concurrently using a second capacitor to store a voltage to subsequently drive a current 
across an organic light emitting diode in a second row of the video display. 



Brief Description of the Drawings 

The foregoing and other features and objects of the invention will become more 
fully apparent from the following description and appended claims taken in conjunction 
with the following drawings, in which like reference numbers indicate identical or 
functionally similar elements. 

Figure 1 A is a simphfied exploded view of an OLED display. 

FigurelB is a cross-sectional view of the OLED display of Figure lA. 

Figure 2 is a schematic diagram of an OLED display with column and row 
drivers, where the OLED display may be configured as the display of Figures 1 A and 
IB. 

Figures 3 is a block diagram illustrating one embodiment of a column driver of a 
video display. 

Figure 4 is a block diagram illustrating one embodiment of a row driver for the 
video display of Figure 3. 



Figure 5 is a flowchart illustrating a process of using the video display of 
Figures 3 and 4. 

Figure 6 is a flowchart illustrating one embodiment of a process of calibrating 
the pixels in the video display of Figures 3 and 4. 

Figure 7 is a flowchart illustrating one embodiment of a process of generating a 
first correction table for the video display of Figures 3 and 4. 

Figure 8 is a flowchart illustrating one embodiment of a process of generating a 
second correction table for the video display of Figures 3 and 4. 

Figure 9 is a flowchart illustrating one embodiment of a process of generating a 
first correction table for the video display of Figures 3 and 4. 

Detailed Description of Embodiments of the Invention 
The embodiments described below overcome obstacles to the accurate 
generation of a desired amount of light output from m LED display, particularly in view 
of impediments which are rather pronounced in OLEDs, such as having a relatively high 
parasitic capacitance. However, the invention is more general than the embodiments 
that are exphcitly described, and is not to be limited by the specific embodiments but 
rather is defined by the appended claims. 

Figure 3 is a block diagram illustrating one embodiment of a column driver 300 
for a video display. The column driver includes a number of voltage drivers 304. In 
one embodiment of the invention, a voltage driver 304 is provided for each of the 
columns in a matrix 400 (Figure 4). Each voltage driver 304 provides a voltage column 
output 308. 

Each voltage driver 304 includes a first switch 312 and a second switch 316. 
The first switch 312 and the second switch 316 operate to respectively couple and 
decouple a first capacitor 320 and second capacitor 324 firom a voltage source, such as 
digital to analog converter ("D/A CKT") 328. The column driver 300 samples that 
signal for the digital to analog converter 328 corresponding to that channel ("column'') 
and then holds the signal. All columns drive the column inputs of the display (shown in 
Figure 4). In one embodiment, all columns in the matrix 400 ^e updated each row scan 
time and output their data during a fiiU row scan. 



The column driver 300 closes the first switch 312 so as to charge the first 
capacitor 320 to an appropriate voltage to drive an element in a first row in the matrix 
400 (Figure 4), At substantially the same time, the second capacitor 324 can drive a 
current to another element in another row in the matrix. A third switch 328 switches 
operates to couple and decouple the first capacitor 320 and the second capacitor 324 to 
and fi^om a particular column in the matrix 400. Optionally, the output from either the 
first capacitor 320 or the second capacitor 324 may be sent to a buffer 332, For 
efficiency reasons, one row of data is output in parallel while the next row is being 
serially loaded into the column driver 340. For a given row scan, one of the capacitors 
outputs column data while the other is updated. For the next row scan, the capacitors 
320 and 324 swap functions. 

A fourth switch 336 operates to couple the voltage driver 304 and a calibration 
circuit 338 from each of the columns in the matrix 400. During a calibration mode, the 
calibration circuit 346 is connected to the column in the matrix 400 via the switch 336. 
During normal operation, the voltage driver 304 is connected to the colunm in the 
matrix 400 via the switch 336. 

The column driver 300 is connected to a digital circuit 340 that includes voltage 
correction tables. In one embodiment of the invention, the voltage correction tables 
includes a nominal diode desired current data byte, "i", to voltage conversion table 
("NDIV lookup table") 344, a pixel offset compensation table 348, and a column 
resistance correction lookup table 352. The processes of generating the data in tables 
344, 346, and 352 are described in further detail below with respect to Figures 7, 8, and 
9. 

The voltage correction tables are used to identify an appropriate voltage for 
driving a particular column in the matrix 400, The voltage correction tables can account 
for, among other things, column resistance, row resistance, diode mismatches, and 
uniform and/or differential diode aging. Depending on the embodiment, additional or 
fewer correction tables can be included in the digital circuit 340. Furthermore, in one 
embodiment of the invention, the digital circuit 340 is integrated with the column driver 
300. 



In one embodiment of the invention, the correction tables are calculated prior to 
and/or during normal circuit operation. Since the OLED output light level is linear with 
respect to OLED current, the correction scheme is based on sending a known current 
through the OLED diode for a duration sufficiently long to allow the transients to settle 
out and then measuring the corresponding voltage with an analog to digital converter 
(A/D) 348 residing on the column driver 300. A calibration current source 354 and the 
A/D 348 can be switched to any column through a switching matrix. 

During operation, the NDIV lookup table 344 receives input from an "i" bit 
pixel current control bus 360. The "i" bit pixel current control bus 360 is used to 
specify one of 2' current levels. Depending on the input current level, the NDIV lookup 
table can provide to the column driver 300 an appropriate voltage that is needed to drive 
the identified current level. During calibration, as is discussed fiuther below, the NDIV 
lookup table 344 receives input from the digital averaging circuit 356. Calibration is 
mitiated upon receipt of a signal via a calibrate pixel W characteristics line 364. 

During operation, the pixel offset compensation lookup table 348 receives input 
fi-om a column count bus 368 and a row count bus 372. The column count bus 368 and 
the row count bus 372 respectively identify a particular column and row in the matrix 
400. In response to being provided a particular row and column, the pixel offset 
compensation table 348 can provide an offset voltage that accounts for aging or other 
element-specific characteristics of a particular diode in the matrix 400. During 
calibration, the pixel offset compensation lookup table 348 receives input from the 
NDIV lookup table 344 and from the calibration circuit 338. In one embodiment, 
calibration and generation of data in the pixel offset compensation lookup table 348 is 
initiated upon receipt of a signal via a calibrate pixel offset voltage line 362. 

During operation, the column resistance correction lookup table 352 receives 
input from the row count bus 372. In one embodiment of the invention, the column 
resistance correction lookup table 352 includes the column resistance information for a 
single row. In this embodiment, it is assumed that an element in a selected row is 
substantially the same row resistance of another element in the same row that is another 
column. In another embodiment of the invention, the column resistance coirection 
lookup table 352 includes column resistance infonnation for each of the pixels in the 



matrix 400. In one embodiment, calibration and generation of data in the column 
resistance correction lookup table is initiated upon receipt of a signal via a calibrate 
column resistance line 376. 

In one embodiment of the invention, the digital circuit 340 stores the voltage 
data in the correction tables using a 10 bit representation of the voltage. It is to be 
appreciated that other representations may be used. Furthermore, in this embodiment, 
the digital circuit 340 converts the input data from the "i" bit pixel current control from 
a lower resolution, e.g., 6 bits, to a higher resolution, e.g., 10 bits so as to provide 
greater control of the provided voltage. 

The NDIV lookup table 344 stores the average OLED "on" voltage for each of 
the desired output levels. If the input data is 6 bits and the corrected output data is 10 
bits this table would have 2^ = 64 entries of 10 bits each. This table is populated by 
driving several OLED elements in the display to each of the 64 possible current levels 
and averaging the results as read by the A/D 350 residing on the column driver 300. In 
one embodiment of the invention, the OLED elements selected for averaging are near 
the end of the display driven by the column driver 300, so that the effects of the column 
resistance are minimized. 

Because of manufacturing variations and differential aging effects, each OLED 
element on the display can have a different offset voltage* The pixel offset 
compensation lookup table 348 stores these offsets. The pixel offset compensation 
lookup table 348 is populated by measuring each OLED display element at a low 
current. The measurement is made at low current levels to minimize the voltage drop 
due to parasitic display resistances. The expected average "on" voltage at that current, 
obtained from the NDIV table 344, is subtracted from the measurement and the result is 
stored in the pixel offset compensation lookup table 348. In one embodiment, for an N 
colimm by M row display, the NDIV table has N x M entries of 10 bits each. 

The column resistance correction lookup table 352 stores the column resistances. 
In one embodiment, the resistances for each of the elements in one of the columns in the 
matrix 400 are stored, and it is assumed that all elements in other columns have similar 
resistances. The column resistance correction lookup table 352 is populated by 
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measuring every OLED display element in one column at each of the 64 possible 
current levels. The expected average on voltage at that current, obtained from the NDIV 
table 344 and the offset voltage for that element, obtained from the pixel offset 
compensation lookup table 348 are subtracted from the measurement and the result is 
stored in the column resistance correction lookup table. For a 6 bit input word and a M 
row display this table has M x 2^ entries of 10 bits each. 

In one embodiment, each 6 bit input data word is converted to a 10 bit corrected 
output word by summing the outputs of tables 344, 348, and 352. This 10 bit word is 
then sent to the column driver 300. The digital word is then converted to an analog 
voltage and is used to drive a column in the matrix 400. It is noted that Figure 3 
illustrates one possible implementation of the column driver 340. It is to be appreciated 
that other designs may be employed. 

Figure 4 is another block diagram of the video display including a row driver 
404. In the embodiment of the invention shown in Figure 4, the "on" row of the row 
driver 404 is driven by an operational amplifier 408 instead of a simple switch to 
ground. This lowers the output impedance of the "on" row and therefore reduces the 
voltage variation of the row. The matrix 400 comprises a plurality of elements 412, 
which each can include an organic hght emitting diode. 

Figure 5 is a flowchart illustrating an exemplary process of using the video 
display of Figures 4 and 5. Depending on the embodiment, additional steps can be 
added, others removed, and the ordering of the steps rearranged. Furthermore, selected 
steps can be merged into a single step. 

Starting at a step 504, each of the pixels in the matrix are calibrated. The 
process of calibrating the pixels is described in greater detail below by reference to 
Figures 6-9. 

Next, at a step 508, the video display receives video data from some external 
device or some device that is integrated with the video display. The data includes a 
column count that is provided by the column count bus 368, a row count that is 
provided by the row count bus 372, and an i bit pixel current control Depending on the 
selected row, column, and requested current control level, the digital circuit 340 adds 



the respective voltage data from the column resistance correction lookup table 352, the 
pixel offset compensation lookup table 348, and the NDIV lookup table 344 and then 
provides the calculated voltage to the column driver 300. 

Continuing to a step 512, the column driver 300 charges, depending which is not 
being currently used, one of either the first capacitor 320 or the second capacitor 324, 
The charged capacitor is connected to the column line in the matrix via the third switch 
328 for the appropriate time so as to emit the desired amount of light in one of the 
elements in the matrix 400. In one embodiment, the column output 308 for a selected 
voltage driver 304 is held "on" for the entire row scan time and the output light mtensity 
is controlled by varying the amplitude of the voltage that appUed to the column. 

Figure 6 is a flowchart illustrating one embodiment of a process of calibrating 
the video display of Figures 3 and 4. Figure 6 illustrates in further detail the steps that 
occur in step 504 of Figure 5. Depending on the embodiment, additional steps can be 
added, others removed, and the ordering of the steps rearranged. Furthennore, selected 
steps can be merged into a single step. 

Starting at a step 604, the digital circuit 340 generates the data in the NDIV 
lookup table 344. One exemplary process of generating data in the NDIV lookup table 
344 is described below with respect to Figure 7. In one embodiment of the invention, 
the data for the NDIV lookup table 344 is generated in response to receiving a signal 
from the calibrate pixel W characteristics line 364. 

Next, at a step 608, ttie digital cfrcuit 340 generates the data in the pixel offset 
compensation table 348. One exemplary process of generating data in the pixel offset 
compensation table 348 is described below with respect to Figure 8. In one 
embodiment of the invention, the data for the pixel offset compensation table 348 is 
generated in response to receiving a signal from the pixel offset voltage line 376. 

Continuing to a step 612, the digital circuit 340 generates the data in the column 
resistance correction lookup table 352. One exemplary process of generating data in the 
column resistance lookup table is described below with respect to Figure 9. In one 
embodiment of the invention, the data for the column resistance lookup table 352 is 
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generated in response to receiving a signal from the calibrate column resistance line 
376. 

Figure 7 is a flowchart illustrating one embodiment of a process of generating 
the data in the NDIV lookup table 344. Figure 7 illustrates in fiirther detail the steps 
that occur in step 604 of Figure 6. Depending on the embodunent, additional steps can 
be added, others removed, and the ordering of the steps rearranged. Furthermore, 
selected steps can be merged into a single step. 

Starting at a step 704, one or more of the diodes in the matrix are selected. For 
each of the selected diodes, the calibration circuit 338 generates a number of reference 
currents and measures the corresponding voltage. In one embodunent of the invention, 
each of the diodes m the matrix 400 are selected. In another embodiment of the 
invention, one diode from each of the columns are selected. In another embodiment of 
the invention, each of the diodes in a selected column are selected. The calibration 
circuit 338 measures the correspondmg voltage that is generated in response to provided 
reference currents. 

Continuing to a step 708, the digital averaging circuit 356 receives the measured 
voltages and averages the voltage data for each the respective reference currents. Next, 
at a step 712, the averaged data for each of the reference currents is stored in the NDIV 
lookup table 344. 

Figure 8 is a flowchart illustrating a process of generating the data in the pixel 
offset compensation lookup table 348. Figure 8 illustiiates in fiirther detail the steps that 
occur in step 608 of Figure 6. Depending on the embodiment, additional steps can be 
added, otiiers removed, and the ordering of the steps rearranged. Furthermore, selected 
steps can be merged into a single step. 

It is noted in one embodiment of the invention that steps 808, 812, and 816 are 
performed for each of the diodes in the matrix 400. Starting at a step 804, a selected 
diode in the matrix 400 is selected. Next, at a step 808, the calibration circuit 336 drives 
the selected current with a known current. In one embodiment of the invention, the 
known currently is relatively low as compared to normal operating levels so as to obtain 
minimal voltage drop due to resistive effects of the column and row m the matiix 400. 
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Next, at step 812, corresponding voltage for the selected current from the NDIV 
lookup table 344 is retrieved. The digital circuit 340 subtracts the result identified 
voltage from step 808 from the average voltage. Continuing to a step 816, the digital 
circuit 340 stores the difference in the pixel offset compensation lookup table 348. 

Figure 9 is a flowchart illustrating a process of generating the data in the column 
resistance correction lookup table 348. Figure 9 illustrates in further detail the steps that 
occur in step 612 of Figure 6. Depending on the embodiment, additional steps can be 
added, others removed, and the ordering of the steps rearranged. Furthermore, selected 
steps can be merged into a single step. 

Starting at a step 904, the calibration circuit 338 selects a high current with 
respect to normal operating values. Then, for each diode in a selected column, the 
digital circuit 340 performs steps 908-920. At the step 908, the digital circuit 340 
measures the voltage for the currently selected diode. Next, at the step 912, the digital 
circuit subtracts from the measured voltage (step 908) the average voltage for current 
that is stored in the NDIV lookup table 344. Continuing to a step 916, the digital circuit 
340 stores the result in the column resistance correction table 352. 

From the foregoing description, it is seen that the NDIV lookup table 344 
provides a transfer function between the data signal input and light output. Light output 
is approximately linear with respect to the current applied. The current flowing through 
the OLED diode is to a first order independent of the display column and row parasitic 
resistances. In the video display of Figures 3 and 4, each of the elements are driven 
with a voltage rather than a current, and that voltage varies from pixel to pixel as a 
function of desired pixel brightness. The video display of Figure 3 and 4 account for 
the fact that the relationship between drive voltage applied to an OLED pixel and the 
light generated from that pixel is highly non-linear and varies substantially with 
temperature, process, and display aging. The video display of Figures 3 and 4 
compensate for these affects and make a pulse amplitude modulation system practical to 
use and build. 

Advantageously, the column driver of Figure 3 can replace conventional systems 
that control pixel light intensity by pulse width modulating (PWM) the signal. In 
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known systems, the colxunn voltage transitions from the pixel-on voltage, to the pixel- 
off voltage, and back to the pixel-on voltage in going from any given row to the next 
row. Using the voltage driver 304, the column voltage can transition from the on- 
voltage of the presently driven pixel directly to the on-voltage of the pixel in the next 
row that is to be driven. This significantly reduces the power wasted in charging and 
discharging the parasitic capacitance of the display. How much power is saved is a 
function of the image that is displayed. The closer the light output matches between 
adjacent pixels in a column, the closer the on-voltages match, and the more power that 
is saved when contrasted with pulse width modulating devices. 

While the above description has pointed out novel features of the invention as 
applied to various embodiments, the skilled person will understand that various 
omissions, substitutions, and changes in the form and details of the device or process 
illustrated may be made without departing from the scope of the invention. For 
example, those skilled in the art will understand that the orientation, polarity, and 
connections of devices in the display matrix are matters of design convenience. The 
skilled person will be able to adapt the details described herein to a system having 
different devices, different polarities, or different row and column architectures. Such 
alternative systems are implicitly described by extension from the description above, 
and are contemplated as alternative embodiments of the invention. Therefore, the scope 
of the invention is defined by the appended claims rather than by the foregoing 
description. All variations coming within the meaning and range of equivalency of the 
claims are embraced within their scope. 
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